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INTRODUCTION 


The  earliest  events  in  the  pathogenesis  of  breast  cancer  typically  involve  the  loss  of  a 
normal  growth  regulatory  mechanism  by  a  ductal  or  lobular  epithelial  cell.  Progression  of  the 
disease  through  the  stages  of  intraductal  proliferation  to  invasive  carcinoma  and  then  to 
metastatic  disease  appears  to  require  additional  alterations  in  growth  regulatory  pathways.  A 
substantial  body  of  evidence  now  supports  the  idea  that  these  alterations  in  growth  regulation 
result  from  genetic  events  such  as  point  mutation,  deletion,  and  gene  amplification  [1-4].  Our 
study  aims  to  characterize  genetic  alterations  in  breast  tumors  at  the  various  stages  of  tumor 
progression.  If  metastasis  requires  additional  genetic  events  beyond  those  responsible  for  the 
intraductal  and  invasive  components  of  the  tumor,  one  should  find  genetic  alterations  in  the 
metastasis  that  are  not  present  in  primary  tumor.  Alternatively,  there  may  be  certain  genetic 
lesions  which  occur  early  in  tumor  development  that  can  predispose  a  tumor  to  metastasize 
without  the  acquisition  of  additional  genetic  defects.  The  identification  of  such  a  lesion 
would  provide  an  important  prognostic  indicator,  because  it  would  provide  a  means  for 
predicting  the  likelihood  of  the  development  of  metastatic  disease  in  tumors  identified  at  an 
early  stage.  The  characterization  of  genetic  changes  present  in  individual  tumor  components 
thus  offers  the  possibility  of  identifying  new  prognostic  indicators  as  well  as  helping  to 
elucidate  the  significance  of  genetic  events  to  tumor  progression. 

The  type  of  genetic  analysis  performed  in  our  study  is  the  amplification  of 
polymorphic  loci  by  the  polymerase  chain  reaction  (PCR)  [5].  This  technique  permits  the 
detection  of  loss  of  heterozygosity  (LOH)  in  tumor  specimens  relative  to  normal  tissue  from 
the  same  patient.  LOH  at  specific  loci  has  been  observed  frequently  in  breast  cancer.  High 
frequency  of  LOH  for  a  specific  genetic  marker  is  thought  to  imply  the  presence  of  a  tumor 
suppressor  gene  at  that  locus  [3,  4].  In  certain  cases  (e.g.,  p53  on  17p,  DCC  on  18q),  the  loss 
of  one  copy  of  the  tumor  suppressor  gene  (LOH)  is  found  in  association  with  mutation  of  the 
remaining  copy.  In  such  cases,  LOH  indicates  that  both  copies  of  the  tumor  suppressor  gene 
have  become  inactivated,  resulting  in  the  loss  of  a  normal  growth  regulatory  pathway.  The 
PCR  methodology  also  permits  the  detection  of  gene  amplification,  assuming  that 
amplification  involves  only  one  of  the  two  copies  of  the  gene  present.  In  breast  cancer, 
amplification  of  the  HER2/neu  oncogene  is  of  particular  interest  because  of  potential 
prognostic  implications  [2]. 

The  general  strategy  of  our  study  involves  the  identification  of  at  least  200  cases  of 
breast  cancer  in  the  AFIP  archives,  the  microdissection  of  the  intraductal,  infiltrating,  and 
metastatic  components  present  in  each  tumor,  and  analysis  of  each  tumor  component  for  LOH 
at  multiple  genetic  loci.  The  results  should  help  address  questions  such  as  when  during  tumor 
progression  specific  genetic  lesions  occur,  and  whether  LOH  at  any  particular  locus  has  value 
in  predicting  the  course  of  progression  of  an  individual  tumor. 
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BODY 


Progress  has  been  made  in  several  areas  during  the  initial  funding  period  of  the  grant. 
These  areas  include  the  following,  each  of  which  will  be  discussed  separately: 

1.  Identification  of  cases  from  the  AFIP  archives 

2.  Evaluation  of  various  procedures  for  microdissection 

3.  Evaluation  of  different  labeling  protocols  for  PCR 

4.  Synthesis  and  testing  of  oligonucleotides  for  their  usefulness  to  this  study 

5.  Application  of  two  llpl5  markers  to  an  initial  group  of  93  cases 

1.  Identification  of  cases;  The  strategy  for  case  selection  calls  for  selecting  cases 
from  a  larger  group  of  cases  being  analyzed  for  a  variety  of  prognostic  indicators  based  on 
certain  specific  criteria.  The  criteria  include  the  adequate  representation  of  individual  tumor 
components  and  the  presence  of  areas  consisting  predominantly  of  tumor  cells  so  that  the 
presence  of  LOH  would  not  be  obscured  by  contaminating  stromal  or  inflammatory  cells. 
Cases  have  been  screened  in  weekly  batches  of  30-50  cases  each.  Thus  far,  248  cases  have 
been  selected  for  use  in  the  study. 

2.  Evaluation  of  various  procedures  for  microdissection;  Several  variables  were  tested 
for  their  effects  on  the  ability  to  recover  amplifiable  DNA  from  archival  formalin  fixed, 
paraffin  embedded  tissue  samples.  We  wanted  to  determine  the  optimal  approach  to 
identifying  the  tumor  components  for  microdissection.  Initially,  we  thought  that  lightly 
staining  the  tissue  with  one  of  several  possible  stains  would  facilitate  the  identification  of 
tumor  components  on  the  slide.  However,  experiments  with  several  stains,  including 
hematoxylin,  eosin,  and  methylene  blue,  demonstrated  that  staining  resulted  in  a  significant 
degradation  in  the  quality  of  DNA  that  could  be  recovered  from  the  tissue.  However,  we 
found  that  the  tumor  components  could  be  reliably  identified  on  the  unstained  slide  after 
deparaffinization.  Other  variables  evaluated  included  the  effect  of  several  components  of  the 
buffer  used  for  lysate  preparation  on  the  recovery  of  amplifiable  DNA  and  the  amount  of 
tissue  needed  to  generate  enough  lysate  for  the  proposed  analyses.  The  protocol  which  we 
have  now  adopted  calls  for  the  preparation  of  5  unstained  12  pm  sections,  which  are 
deparaffinized  on  the  slide,  and  one  H  and  E  stained  6  pm  section.  The  tumor  components 
are  first  identified  on  the  stained  section  and  evaluated  for  adequacy.  Regions  chosen  for 
microdissection  are  then  identified  on  the  unstained  sections  and  dissected  while  viewing  the 
section  under  the  microscope.  We  find  that  tissue  lysates  prepared  from  these  microdissected 
specimens  amplify  well  and  yield  a  frequency  of  LOH  for  markers  at  chromosome  llpl5 
(selected  as  a  useful  locus  to  test  the  method)  as  high  or  higher  than  that  detected  by  other 
investigators.  These  preliminary  results  provide  validation  data  for  the  microdissection 
method. 

3.  Evaluation  of  different  labeling  protocols  for  PCR:  We  compared  three  methods 
for  the  detection  of  PCR  products:  (1)  staining  with  ethidium  bromide,  (2)  internal  labeling 
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of  the  PCR  product  by  incorporation  of  a-^^P-dATP,  and  (3)  end-labeling  of  the  product  by 
using  a  ^^P-labeled  oligonucleotide  in  the  reactions.  Ethidium  staining  proved  insufficiently 
sensitive  to  detect  the  small  amount  of  product  generated  in  many  of  our  reactions.  Internal 
labeling  results  in  the  labeling  of  both  strands  of  the  product.  Strand  separation  during  the 
running  of  high  resolution  denaturing  gels  therefore  results  in  two  bands  for  each  product. 

We  found  that  this  would  sometimes  obscure  the  identification  of  heterozygotes  when  alleles 
were  close  together.  End-labeling  one  of  the  oligonucleotides  in  the  PCR  reaction  produced 
the  cleanest  results  and  has  been  taken  as  our  standard  procedure. 

4.  Synthesis  and  testing  of  oligonucleotides  for  their  usefulness  to  this  study:  Small 
scale  studies  were  carried  out  with  each  of  the  nine  primer  pairs  proposed  for  use.  Several 
were  found  to  give  clean,  easily  interpretable  results  whereas  others  generated  high  levels  of 
background  bands  which  made  interpretation  difficult.  We  have  found  that  some  of  the 
markers  that  generate  high  levels  of  background  can  be  used  for  our  analysis  if  we  detect  the 
products  with  an  internal  probe  after  blotting  to  nitrocellulose. 

5.  Application  of  two  llplS  markers  to  an  initial  group  of  93  cases:  As  a  test  of  our 
ability  to  detect  LOH  in  tumor  specimens,  we  analyzed  lysates  from  the  93  cases  thus  far 
dissected  with  two  markers  from  chromosome  llplS,  tyrosine  hydroxylase  (TH)  and  ST5. 
With  these  markers,  LOH  has  been  detected  in  30-40%  of  informative  cases,  a  frequency  as 
high  or  higher  than  that  observed  by  others  at  this  locus.  Our  frequency  of  LOH  detection 
may  be  higher  than  that  observed  previously  because  of  the  careful  microdissection 
procedures  used.  We  also  note  that,  when  present,  LOH  at  llplS  is  seen  in  all  tumor 
components,  from  the  intraductal  to  the  metastatic  tumor. 

CONCLUSIONS 

The  initial  work  on  this  project  has  resulted  in  the  establishment  of  an  efficient  system 
for  case  identification,  tissue  processing,  and  PCR  amplification.  The  general  approach 
proposed  has  been  validated  by  an  initial  study  of  LOH  at  llpl5.  The  target  of  200 
microdissected  cases  set  in  the  grant  should  be  met  or  exceeded  within  the  next  six  months. 
With  the  availability  of  this  large  bank  of  microdissected  tumor  components  and  the 
establishment  of  conditions  for  PCR  at  multiple  markers,  the  characterization  of  LOH  in  these 
tumors  should  proceed  rapidly  in  the  coming  year. 
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